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aneurysms, detection of possible complications such as incomplete occlusion (residual aneurysm)
and recurrence and peri-aneurysmal edema.
Patients and methods: This study included 23 patients with coil embolized cerebral aneurysm who
underwent follow up by TOF MRA for 2 years. Findings were classiﬁed as complete occlusion,
incomplete occlusion and recurrence. Recurrent and residual cases were correlated with neurosur-
gical assessment.
Results: Sixteen patients (69.6%) had complete persistent occlusion, 4 patients (17.4%) had recur-
rent aneurysms and 3 patients (13%) had residual aneurysms. Among the 7 patients of residual/
recurrent aneurysms: 5 were dome and 2 were neck shaped. All recurrent cases showed peri-aneu-
rysmal edema in the initial after coil scan. Recurrent cases were signiﬁcantly correlated with initial
size (more than 6 mm) and presence of peri-aneurysmal edema.ce angiography; TOF, time of
jection; MPR, multiplanar
ital subtraction angiography;
CA, middle cerebral artery;
rachnoid hemorrhage.
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Fig. 1 (A–F) A case of total obliter
plain CT scan of the brain showing su
A.Com.A saccular aneurysm (arrow)
Follow up TOF MRA (source image
(arrow). (E, F) Follow up 3D TOF
obliteration. No recurrent aneurysm.
34 S.A. Elmogy et al.Conclusion: MRA is a safe and accurate non-invasive follow-up imaging method that can be used
for evaluation of cerebral aneurysms after embolization. It had the same accuracy of DSA. Three-
dimensional TOF MRA clearly demonstrates residual/recurrent aneurysm neck and sac. MRA
source images yields more information about cerebral infarction, bleeding and atrophy.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Endovascular therapy is increasingly being used as the primary
treatment of ruptured and unruptured intracranial aneurysms.
Patients treated with endovascular coiling are more likely to
survive and live independently than those treated with surgical
clipping [1,2]. Aneurysm recurrence after coil embolization has
been estimated to occur in 10–40% of patients, aneurysm
recurrence refers to a new or increased area of patency within
an aneurysm that has been previously treated. This process
may be related to instability and subsequent compaction of
the original coil mass or migration of the coil mass into
intra-aneurysmal thrombus or into the fundus of a continually
expanding aneurysmal sac. Occasionally, recurrence is the
result of the growth of a new out-pouching from a diseased
parent vessel adjacent to the neck of the originally treatedation of A.Com.A. aneurysm. Fe
b-arachnoid hemorrhage due to r
. (C) Immediate DSA post coil
) after 6 months revealed compl
MRA VR with transparent modaneurysm with the recurrence projecting alongside the original
coil mass [3–5].
Digital Subtraction Angiography (DSA) is the gold stan-
dard imaging modality in cerebral aneurysm embolization fol-
low-up, but DSA is invasive, time-consuming, traumatic,
relatively high cost and carries a small (1.3%) yet signiﬁcant
risk of neurologic morbidity [6,7].
Recent studies have suggested that non-invasive imaging
techniques can be used to reduce, or in some cases eliminate,
the need for follow- up conventional angiography. MR angi-
ography (MRA) is a common, accurate non-invasive imaging
of brain blood vessels, it does not involve exposure to ionizing
radiation and resultant images are minimally impacted by coil-
induced artifact. Various studies suggested that there were no
statistically signiﬁcant difference in accuracy between MRA
and DSA [8–10].male patient aged 63 Y. with A.Com.A. aneurysm. (A) Pre coiling
uptured A.Com.A aneurysm (arrow). (B) DSA of RT.ICA showing
ing showing complete obliteration of the aneurysm (arrow). (D)
ete & persistent aneurysm obliteration. Note the signal void coil
e (F) images showing clearly complete and persistent aneurysm
Non-invasive TOF MR angiographic follow 35Three-dimensional TOF MRA is feasible and useful
imaging tool in the follow-up of patients with intracranial
aneurysms treated with coil placement. It can detect complica-
tions such as aneurysm recurrence from neck remnants, incom-
plete obliteration and bleeding [10–11].2. Aim of the work
Aim was to assess the usefulness of time of ﬂight magnetic res-
onance angiography (TOF MRA) in evaluation of coil embol-
ized cerebral aneurysms as well as detection of possible
complications such as: incomplete occlusion (residual aneu-
rysm) and recurrence and peri-aneurysmal edema.3. Patients and methods
Twenty three patients with coil treated cerebral aneurysms
were included in this prospective study from September 2009
to September 2011, they were 14 females and 9 males. Their
ages ranged from 35 years till 73 years with a mean of 54 years.
All patients were treated previously by coil placement at the
bleeding aneurysm in angiography unit of Mansoura Univer-
sity Hospital, initially they were presented with non-traumatic
sub-arachnoid hemorrhage. All aneurysms were saccular berry
aneurysms.Fig. 2 (A–H) A case of double A.Com.A. and pericallosal artery an
Male patient aged 52 Y. with ruptured A.Com.A. aneurysm and no
showing A.Com.A. aneurysm with RT.peri aneurysmal edema (arrow
aneurysms. (arrows). (E) Immediate post coiling DSA revealed comple
MRA VR after 9 months revealed recurrent A.Com.A. aneurysm. (G
showing the recurrent aneurysm and it’s accurate measurements regarPatients performed DSA after coil placement surgery as a
gold standard reference: 3 patients had residual aneurysm
and 20 patients were free. Immediate and follow up MRA con-
ﬁrmed the 3 residual aneurysm and discovered later 4 patients
with recurrence along the 2 years follow up. Patients were fol-
lowed up every 6 months with TOF MRA with minimal 3
times follow up.
Aneurysm sites of the 7 patients of residual + recurrence
were: 4 A.Com.A., 1 IC bifurcation, 1 IC intra-cavernous por-
tion and one middle cerebral bifurcation. One of our patients
showed double aneurysms: A.Com.A. and pericallosal artery
(Fig. 2).
Bare platinum coils were used to embolize cerebral aneu-
rysms. MRA was performed on 1.5 T MR unit (general elec-
tric) with standard head coil.
Sequences obtained were the following:
– Scout T2WI (axial, sagittal, coronal).
– Axial T2WI: TR:4300 and TE:100 and slice thickness:5 mm
and spacing: 1.5 NEX:2 and FOV: 24 cm.
– MRA TOF: TR: 30 and TE: 2.7 and ﬂip angle: 30 and
NEX:1 and slice thickness: 1.2 mm and FOV: 20 cm and
overlap: 0.8 mm and matrix: 256 · 256 and acquisition
time: 3.15–3.30 min. A pre-saturation band was applied
above the imaging volume to saturate incoming venous
blood.eurysms with recurrent RT.A.Com.A. aneurysm (dome shaped).
n-ruptured peri-callosal artery aneurysm. (A) Axial T2WI MRI
). (B–D) RT.ICA. DSA revealed A.Com.A. & peri-callosal artery
te occlusion of both aneurysms (arrows). (F) Follow up 3D TOF
, H) Follow up 3D TOF MRA VR (transparent mode) clearly
ding sac & neck sizes.
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Graph 1 MRA follow up ﬁndings of the study patients.
Table 1 Our patients group.
No. Groups
Complete
occlusiona
Residual
aneurysmb
Recurrent
aneurysmc
Total 23 patients 16 (69.6%) 3 (13%) 4 (17.4%)
a Complete and persistent occlusion along the 2 years follow up.
b Immediate residual after coiling.
c Recurrence along the 2 years follow up.
36 S.A. Elmogy et al.On separate work station, TOF–MRA data were viewed as
multiplanar reformatted (MPR), and 3D volume render (VR)
using colored images and transparent mode.
3.1. Image analysis
Source images and 3D VR MRA images were carefully evalu-
ated for presence, location and size of aneurysm, patency of
parent and branch vessels, artifacts, change in coil shape (sig-
nify early sign of compaction). All possible complications were
carefully assessed like peri-aneurysmal edema, residual/recur-
rence aneurysms, their shape: neck or dome.
We classiﬁed the aneurysms into:
Complete occlusion meant complete obliteration of the
aneurysm including the neck.
Incomplete occlusion (residual) + recurrence:
Residual neck meant persistence of any portion of the ori-
ginal defect of the arterial wall as seen on any single projection
but without opaciﬁcation of the aneurysmal sac.
Residual dome meant any opaciﬁcation of the sac.
Recurrent and residual cases were correlated with neurosur-
gical assessment (follow up for aneurysms 2 mm and smaller
and endovascular re-coiling for aneurysms larger than 2 mm).
The study protocol was approved by the ethical committee
of our University and all the patients gave informed consent.
4. Results
The study included twenty three coil treated cerebral aneu-
rysm, they were 14 females, 9 males with their ages ranged
from 35 till 73 years, MRA Follow up revealed:– Complete occlusion was seen at 16 patients (69.6%).
– Incomplete occlusion was seen in 7 patients (4 recurrence:
17.4% and 3 residual: 13%) (Graph 1). These ﬁndings were
shown in Table 1.
Regarding residual + recurrent aneurysms, they were: 4
ACA, 1 IC bifurcation, 1 I.C. intra-cavernous portion and
one middle cerebral bifurcation.
– Residual + Recurrence cases were divided into:
* Dome shaped: 5 patients
* Neck shaped: 2 patients.
– Peri-aneurysmal edema was seen in all the 4 patients with
recurrence [Fig. 2].
– Recurrent cases were presented with non-traumatic sub-
arachnoid ± parenchymal hemorrhage.
– Residual/recurrent aneurysm size ranged from 2-30 mm.
– In Recurrent aneurysms size: initial size was 6 mm and
larger.
MRI & MRA ﬁndings of the recurrent aneurysms were
shown in (Table 2).
5. Discussion
The gold standard imaging tool in follow up cerebral coiled
aneurysm is intra-arterial DSA, however DSA is a traumatic,
expensive screening method, has neurological complications
between 1.3%, and demands hospitalization. The radio-opa-
que coil mass can, in some projections, completely obscure a
small re-canalization that is evident on MRA.. Although CT
angiography is non-invasive imaging method, but the coil
can produce a strong metal artifacts, can not clear the embol-
ized aneurysm and surrounding blood vessels thus can not be
used in follow-up after embolization [12–16]. In MRA, coils
show low signal, while the blood shows high signal thus
MRA can clearly show residual high signal aneurysm within
the blood ﬂow, also the three-dimensional images can be ro-
tated showing clearly the residual aneurysm. MRA of the ori-
ginal image demonstrates another informations about cerebral
infarction, hydrocephalus, brain atrophy, congenital variants
and other changes, these informations are not available at
DSA. TOF–MRA is a sensitive and safe technique regarding
coiled aneurysms, many authors have concluded that there
Table 2 TOF MRA ﬁndings in our patients with residual/recurrent aneurysms.
Case no. Site Type Shape Peri-aneurysmal edema
1 A.Com.A. Recurrent Dome +ve
2 A.Com.A. Residual Dome –
3 A.Com.A. Residual Dome –
4 A.Com.A. Recurrent Neck +ve
5 IC.intracavernous Recurrent Dome +ve
6 IC.biforcation Residual Neck –
7. Middle C.biforcation Recurrent Dome +ve
Fig. 3 (A–F) A case of total obliteration of LT. IC intra-cavernous aneurysm. Female patient aged 48Y with ruptured LT.IC. intra-
cavernous aneurysm. (A, B) LT. ICA DSA revealed LT. ICA intra-cavernous aneurysm. (C) Immediate post coiling DSA revealed
complete obliteration of the aneurysm. (D) Follow up TOF MRA (source image) after 9 months revealed complete & persistent aneurysm
obliteration, no recurrence. Note the large signal void coil (arrow). (E) Follow up 3D TOF MRA VR clearly showing occlusion of
LT.ICA. (F) 3D TOF MRA VR transparent mode showing occlusion of LT.ICA.
Non-invasive TOF MR angiographic follow 37was no signiﬁcant difference between DSA & MRA in the fol-
low up coiled embolized brain aneurysms, it may be even more
sensitive than DSA [17–20,21].
Technical advances in MRA have continued to improve the
sensitivity of this imaging technique for detecting cerebral
aneurysms. Thus, 3D TOFMRA provides good spatial resolu-
tion and aneurysms as small as 2 mm can be easily detected [1].
In our study, 3D TOFMRI successfully detected aneurysms as
small as 2 mm.
In the VR technique, using low opacity can result in the cre-
ation of transparent objects. Selecting only a small group of
voxels with a high opacity allows creation of a ‘‘virtual endo-
scopic’’ view in which the thin layer of voxels resembles the
vessel wall [30]. Using the transparent mode in our recurrent
& residual cases clearly demonstrated the aneurysm neck, sac
and accurate aneurysm measurements.
In the study of Narisawa et al. [32] they concluded that
MRA VR delineated aneurysms more clearly compared to
MIP. MRA VR provided enough information for surgical
planning, compatible with 3D-DSA. In our study MRA VR
provided excellent resolution for aneurysm demonstration.
In the study of Kentaro Hayashi et al. [1], they deﬁned
the complete occlusion as complete obliteration of the aneu-
rysm including the neck. A residual neck was deﬁned as thepersistence of any portion of the original defect of the
arterial wall as seen on any single projection but without
opaciﬁcation of the aneurysmal sac. Any opaciﬁcation of
the sac was classiﬁed as a residual dome. We adopted this
classiﬁcation, in our study we had 16 patients with complete
occlusion [Figs. 1,3,5,6], 4 patients with recurrence [Fig. 2], 3
patients with incomplete occlusion (residual) [Fig. 4]. They
were divided according to shape into: dome: 5 patients &
neck: 2 patients.
It has been reported that signiﬁcant predictors of a recur-
rence included aneurysm size, treatment during acute phase
rupture and incomplete initial occlusions [8,9]. Kentaro
Hayashi et al. [1] reported in their study that the size of the
recurrence group (7 mm and more) was signiﬁcantly larger
than the stable coiling group (less than 7 mm). In our study,
the 4 recurrent cases had initial aneurysm 6 mm and larger.
Documented that cases with peri-aneurysmal edema pre-
sented latter with recurrence. This response may result from
focal inﬂammation or neo-vascularization of the aneurysmal
wall and be correlated with re-growth of the embolized aneu-
rysm. Because these responses were observed before recur-
rence, these signs may be useful to predict recurrence of the
lesion [22]. In our study, the 4 recurrent cases showed peri-
aneurysmal edema in the post embolization scan[Fig. 2].
Fig. 4 (A–E) A case of residual RT.A.Com.A. aneurysm (dome shaped) Female patient aged 67Y.with ruptured RT.A.Com.A.
aneurysm. (A) DSA of RT.ICA revealed A.Com.A. aneurysm. (B) Immediate DSA after coiling revealed residual aneurysm. (C)
Immediate MRI (T2WI) revealed residual aneurysm. (D) Immediate 3D TOF MRA revealed residual aneurysm. (E) 3D TOF MRA VR
transparent mode clearly showing the residual aneurysm.
Fig. 5 (A–F) A case of complete obliteration of LT. middle cerebral artery bifurcation aneurysm. Female patient aged 58Y. with
ruptured LT. middle cerebral artery bifurcation aneurysm. (A) Axial T2WI MRI showing LT. midle cerebral bifurcation aneurysm with
ipsilateral infarction & mild atrophy. (B) DSA of LT. ICA revealed middle cerebral bifurcation aneurysm (arrow). (C) During coiling
procedure. (D) Immediate DSA after coiling revealed complete aneurysm obliteration (arrow). (E, F) Follow up 3D TOF MRA after
9 months revealed complete aneurysm obliteration.
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Fig. 6 (A–E) A case of complete obliteration of LT.A.Com.A. aneurysm. Female patient aged 50Y. with ruptured LT.A.Com.A.
aneurysm. (A) .ICA DSA showing LT.A.Com.A. aneurysm. (B) Immediate DSA post coiling showing complete aneurysm obliteration.
(C) Plain X-ray skull lateral view showing the dense coil (arrow). (D, E) 3D TOF MRA VR and transparent mode (E) showing clearly the
complete and persistent obliteration of the aneurysm.
Non-invasive TOF MR angiographic follow 39The most frequent anatomical variants of A.Com.A. are
Azygos artery and triple pericallosal arteries, may be associ-
ated with multiple small aneurysms [34]. Our study demon-
strated one patient with double aneurysms at A.Com.A. &
pericallosal artery which were clearly seen at MRA (Fig. 2).
The use of contrast enhanced MRA is still controversial,
some authors believe that contrast enhancement allows the
imaging of low-ﬂow signals, theoretically, this allows for a
higher conspicuity of a residual aneurysm [11]. Other authors
reported that use of contrast material had no additional value
[24]. Contrast enhancement around the periphery of the aneu-
rysm is thought to be organized peripherally distributed intra-
aneurysmal thrombus, vasa vasorum within the adventitial
layer of the aneurysm wall, and/or the in-growth of vascular-
ized tissue about the coil mass due to inﬂammation or healing
[14–15].
The shortest possible echo time (TE) is a key parameter in
reducing coil-associated artifact. Most intracranial MRA
examinations use a TE in the range of 3–7 ms. MRA tech-
niques that use TE values more than 5 ms have been shown
to result in artifact of approximately 1–2 mm in the vicinity
of the coil mass. Such artifacts are related to a distortion of
the local B0 ﬁeld (susceptibility artifact) plus dynamic eddy
currents around the coil mass. The use of short TEs (less than
2.5 ms) reduces the signal-intensity loss associated with the coil
mass and thereby improves the visualization of any remaining
intra-aneurysmal ﬂow as well as ﬂow within the adjacent par-
ent vessel or branches. [9] In our study we used TE of 2.7 ms
which clearly visualized aneurysm residual/recurrence without
coil artifacts.
Despite the application of different MRA techniques, most
investigators have reported sensitivity and speciﬁcity rates forthe detection of residual aneurysms between 90% and 100%,
respectively [22–26]. Leclerc et al. [15] reported a 100% sensi-
tivity of CE-MRA for the identiﬁcation of residual aneurysm
ﬁlling at 1 year. In most studies, regardless of the MRA tech-
nique used, the aneurysm remnants missed on MRA were very
small (2 mm and less) and in most cases would not necessarily
have warranted re-treatment. Other studies documented that
there was no statistically signiﬁcant difference between DSA
&MRA in the detection of coiled aneurysm remnants or recur-
rence [1,27–33]. In our study, MRA ﬁndings were successfully
correlated with the endovascular neurosurgical recoiling ﬁnd-
ings giving 100% accuracy.
Jan-Hendrik Buhk et al. [8] concluded that compared to
DSA, TOF–MRA was more sensitive in detecting neck rem-
nants. In our study, due to it’s rotation capability, MRA
clearly demonstrated aneurysms neck.
Our study limitation was small study group, however other
large group studies reached the same conclusion.6. Conclusion
MRA is a safe and accurate non-invasive follow-up imaging
method that can be used for the evaluation of cerebral aneu-
rysms after embolization. It had the same accuracy of DSA.
Three-dimensional TOF MRA with it is rotation capability
clearly demonstrates residual/recurrent aneurysm neck & sac.
MRA source images yield more information about cerebral
infarction, hydrocephalus, bleeding, brain atrophy, coil posi-
tion in relation to parent vessels, early signs of compaction
and congenital vessels variations, most of these informations
indeed are not available on DSA.
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